Phase Behavior of Amorphous Solid Dispersions of Felodipine: Homogeneity and Drug-Polymer Interactions.
In the current investigation, the role of drug-polymer hydrogen bonding (H-bonding) with respect to the phase behavior of amorphous solid dispersions (ASDs) is studied in depth on a nanometer level. Melt-quenched dispersions of felodipine (FEL) with poly(vinylpyrrolidone), or PVP, poly(vinylpyrrolidone-co-vinylacetate), or PVP/VA, and poly(vinylacetate), or PVAc, were prepared at drug loadings of 50-90% w/w. Modulated differential scanning calorimetry (MDSC) was used to detect microscopic homogeneity for each set of ASDs. A single composition dependent glass transition temperature (Tg) was observed over the entire composition range in MDSC data for each set of ASDs; however some samples within each set of ASDs showed a crystallization exotherm and corresponding melting endotherm in the first heating scan. Solid-state nuclear magnetic resonance spectroscopy (SSNMR) was further employed to understand phase homogeneity in these systems. The proton spin-lattice relaxation times in the laboratory and rotating frame (1H T1 and T1ρ) for the drug and individual polymer for each set of ASDs were measured to evaluate phase homogeneity. On the basis of proton relaxation measurements, it was revealed that FEL:PVP and FEL:PVP/VA ASDs exhibited better compositional homogeneity than FEL:PVAc ASDs. The strength and the extent of H-bonding were studied by using 13C SSNMR spectra. In addition, deconvolution of the carbonyl region of amorphous FEL revealed that 40% of amorphous FEL molecules were hydrogen bonded (H-bonded) through dimers and the remaining 60% were free/non H-bonded. The dimer fraction decreased as the polymer content increased for each set of ASDs, while the free fraction increased. This indicated that the polymers containing hydrogen bond acceptor groups disrupted dimers and formed intermolecular H-bonding interactions with FEL. The strength and extent of FEL:polymer H-bonding was rank ordered as PVP > PVP/VA > PVAc. These findings were also confirmed through DFT calculations on these systems. Our results suggest that drug-polymer H-bonding interaction may impact the phase homogeneity in ASDs formulated by a specific method. The data from the current study further demonstrate that SSNMR is a powerful tool for characterizing phase homogeneity in ASDs with sub-50 nm resolution. In addition, SSNMR can provide insights into drug-polymer interactions and speciation in ASDs.